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1. IHflOI&irfflOM 
Phjtia, til# »i3c#a salt of Inositol 
fe@xa|jii@«|to©i»ie aoid, aeoemts foi? tli© lai»g«p part of the 
organi® piiospliorus of It apparontly also occurs, 
tliomgh to a l««s«r «ictent» in tlio irogetatl-ve parts of plants* 
Substantial qmantitias of isl^ytin mmt tkmvefovB inovltaMy 
r®aefe tli# soil, «h#thtr it is tli«i?0 rapidly d«i>hosphorylat«d 
throiigto th# action of th© :ii^ytas# known to occur in seeds, 
in soil, and in Mlcroorganisras, or irbetlier it resists 
decoim^oftition to tlie extent ttiat it aceusnslates as a rela­
tively inaotiTe coaiionent of soil organic matter, has been 
the.subject of «mch speculation and investigation. 
the purificatim of the soil organic phosphorus compound 
that hehafes as .phytin has been attei^ted by eheaical means, 
and its properties and coBi^sition c»pared to supposedly 
pure phytin in order to establish its identity. Some vorkers 
assert that their data show the presence of a considerable 
quantity of i^ytia. fheir opinion has not received general 
acceptance* 
An approach from an entirely different direction to 
the problem of the purificatimi and identification of soil 
2 
litkytin. ir#3.3. mo3w omolusif® auad mave aeoept-
atjl® @we«miag, its statms ia %hm soil than 
and mfimmmt ©f t®0lialqw®« pravieiwly amployad. 
A mt y#*! g»3a®i?ally applied' %& soil proMeais 
li mm 'tiliat iaas ®jEe®ptioiially suee^asMl la separating^ 
and. Mtatlfylag- msmj ©taenleal etapomds. This 
Mtiiod Is imomS' as ©tesasstofigpatitiare 
fte# present • study emtoaees tfa#' developawat of a tech-
ffllqii® f&w resolving iali:tiii?:»8' of inositol phosphates in 
ohx'oiiatogi^aphlo' oolWMiy the Iddntlfloatloia of the separated 
ooi^otiads# sad the applloatioa • of the teehnique to soil 
e^traots^* this -vork was mdertalceii In order to ohtaia 
addltloMl iMf&mmttW'n the soil orgsmlo phosphorias 
that hehaire® ohealo&lly as ishytla, and to eonslder 
.possible syiithesls of phytli^ Im soils* 
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3* mt am® 3.5 jpapera ©a irib.ytlja, sttadied 
pwpertie# ®# ©ertaia of tfe# iewer #i%o3?s of inosit&l 
m€ ig^&pmvt^ cteid# %U9 ©eewreaee ©f phjtiM iM &m&», and • 
tto# m%i.m- of piytma®, H© foiad that an lAOBltol heaca-
phsis^mt# .to s®«ds# tout h© ©.©taid adt duplleste 
apithesis'C'6)* 
aialj©i» ®f wsfi»k#i»s imv® postdated sti?wt«a?©s for 
ifeytlJi. fw© of • th© «ost platisiHl© appear ia Figure 1, 
together with' diagraia® of inositol and inositol triphosphate. 
Although eight isowrs of .inositol are known, torn? of 
irhioh hair® heen' fomd in natwe# only the aeso or inactive 
f©3?m la'sppreeiahle tiaantlties (39# Of the 
alternate strmotiire® proposed for the hea»i^©sphatej that 
depicted la 6, figwe 1# is supported toy the fact that 
?08teasii»& (66) and Hoff-^jTor^asea (35) t&vmA their products 
t# omtaia 12 replaoeal»le h^r^ogeas. On the other hand., 
©ourtois (as) studied the effeots of eas^matlo and acid 
l^drolinsEis on pthi^io acid, and ooneluded that his results 
favored W;® struoture la D* Ue thought that the structure 
t could result from dehydration of M during heating. l*ess 
in¥estigatloiml wrk has heen done upon the derlv&tlTes of 
phytic acid, hut ©ourtols and associates (22, 23) concluded 
cmsisteatly aegattw tests for o< glycol, that ensjiaatio 
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Figure 1. Proposed structures of meso Inositol and some of 
its phosphate esters. 
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Gft ph-ytl'Q pAmphQ>vm to growing plants» espoelally In sand 
iknt soltttion ©*a,ttia?® an€ in nearly nomtral soils (9*33» 5^» 
70) as -, well as tto® €ir#ot a'feso.rption of pfaytin by corn and 
t^aato pl.aats (68) indioate tlrnt noder many eonditions 
pliytin imstabl® in soil or solutions and therefore 
shoiC|.d not tend to aoomnlate. 
On the other hmAt the response of plants to phytle 
phosi^orms is redmoed through eontaot with soil (5^)* though 
generally still app!»eo.iahle at near nentral reaction, fhe 
.narked reduction in amilaMlity of i^ytie phosphorus that 
is. oonsistently noted with inereasing aeidity <12,13» 37» 87) 
has he^en attributed to the extreme 'lns@lub-il.lty of the iron 
and alininum :^ytates fomed under aeid oonditiens. To 
oheok this possibility WrensJaall a:^ %er (87) incubated 
.ferri© phytate wi"^ i^ytase# and found at the end of seven 
days no iJiiorgsnio ^osphorus liberated as eo^pared to 83 per 
cent released t»om sodiw j^ytate held under the same con--
ditions. In addition to its preoipitation as an insoluble 
salt« phytin. My well beoo^ fixed in soil through praoti-
©ally any of the se'reral ^©hie^ns respons.ible for the 
fiiEation of iaorianie phosphorus (24) • 
It has been only recently that sueoessful efforts to 
dete^r^ine (i^alitatively and quantitatiirely the phytic 
3 
pli©s]^®i»ms of soils h&m been roported. Yoshlda (88), 
vorking iritb tkmem lawaliaa soils» oxtraeted f3?@m oaeh m 
organio plios|iho3?tis o^pomd nhiob on bydsralysls yielded 
inositol a»d pbosplioifio aeid. thm ratios of nitrogen, 
piiosphorms# and inositol suggested the aiaisoniiai salt of 
inositol monophosphate as the ©ompound isolated. Only 
about 5 pea? m&t of the organ!# idiosphorms of the soil vas 
thms aooomited for. Wrenshall and ©yer (87) extraoted tvo 
Canadian soils, irith sodim hydroxide# si^Jeeted the extract 
to hypobroaite oxidation, and titrated their solution vith 
ferri© ehloride, aooording to the aiethod of Heubner and 
Stadler (3^)* their preoipitate had a Fe/F rati© ooi^parable 
to that for auMienti© phytin sisiilarly treated, and they 
oonoluded that their prodmot vas phytin. The proportion of 
phytin in an aoid soil vas fomd to be oonsiderably higher 
than in. a slightly oaloareoms soil. 
lower (12, IS) ^asured quantitatively the phytin 
fraotion. of sidwestezm soils representing three great soil 
groups, laploying an extraotion proeedure siiailar to that 
of Vrenshall and ^yer, he precipitated iron phytate vith an 
excess of ferric chloride, subjected the products to acid 
hydrolysis, and then c<»i^^ed the inositol/phosphorus ratios 
of his preparations vith those of knovn phytates. The 
9 
oli8#i?*riid Afa?#©€ oloaely witli that aetemlmod foa? the 
amthemtl^ liiytate. Wvm& th# and iraahlhga of the 
P3?«©lfltat«ji he ©htained ifi.th QaXelm hydroxide a pre-
©ipitate haTimg an iiioait#V^®®l^ ®^B ratio very oloae to 
that of the trlph08|^ te« fhls iaat preparatiom vaa eoh-
aldered to he a MlEtwe of the loirer eatera of phytie acid, 
lis .aaalyaea ahowed fi^ m 40 to 50 per eeat of the organic 
ph08]^ 0rma presemt im the aoiia escaatined to be imoaltol 
l^ oaphatea# vith abomt three f^o^ tha of that aaotmt ooowring 
aa the heaEaphoaphate. Xm hla later vork Boirer fotmd that he 
@@-^ d fiiantitatiireiy aeparate phytin froa molele aold by 
preoipitating'the phytim froai baalo aolmtloh vlth ealeluBi 
hyiroieide. fhe soil, phytisi aad mmoleie. aold fraetiohs 
h»ha¥ed tonard dephoaphorylation by the ensyme ^^ytaae and 
by alkaliae hypobromite as did the kmmm ootiaterparta. 
®ais' was takea aa furthor evideaee for their esciatenee in 
aoiljt and for the apeolficity of the iaolatioti proeedtire. 
A#iliti®iial evidea©® for the eaciateaoe of i^ytla ia the 
aoil was obtaiaed by jaolnim (37)» irh  ^ 2»eflaed aad extended 
th© extra©tiOB. prooednrea of earlier iaveatigatora, and 
developed aa apparently aomd »»thod for the deteraiaatioa 
of phytie fhoaphoms ia aoila.. He foiaad that three 
oarbohydrate phoaphatea teatedf aa well aa adeaoaiae 
o 
f*4 
g 
r*< 
U 
O 
I  I  
5 
© 
i, 
ft 
© 
a 
s 
J? 
I  
•!» 
g 
O 
iJ 
I 
i 
I 
m 
m 
s i 
§ 
•H 
4» 
1 
rf ® 43» 
•i4 
!  I  I  
t 
*4 
•P sa 
B 
I  
s M 
I  
o 
4* 
I  ^  ^  
^ 2 fi 
3 I  ^  
d I 
I 
31  
4» 
«l I 
s 
a 
I  t 
w 
I 
m 
PI-
©•• 
•4» 
4 
J? 
a 
49 
O 
e 
O 
* i 
«l 
I  
I 
3 
K 
I ! 
I  
I  
I 
%{ 1^ 
® @ 
§ g 
43 
"ti. 
m. 
I 
3 
t 
2 
s 
i 
4» 
S 
t & 
li 
*3 
3 
I m 
o 
I  «  
I  r. 
1 1 1  
m 
49 
I  
PI 
% 
•m m 
4S 
I I 
? 
t 
43 
I 
§ 
irl 
4» I 
»4 
# 
s h m m 
I 
^ • © o to 
I R 1 
-rl HI *» fi 
a g 
"H
II 
I 
A 
B 
•§ 
0 (3 
;3 
01 
o 
m 
§ f4 
43 
s v4' 
I 
0 
a 
1 
4» 
1 § 
I I 1 
« 
r« 
I #4» 
CO 
f4 
I  I  I  I  4» « » 
© 
s 
^ i 
s I 
t 
f 
Q 
P 
e» 
o 
g 
I 
» 
I 
4 
3 
& 
t 
m 
m 
c 
& 
g 
f t  
I  
o* {A 
& 
f 
f SI 
« 
o 
H 
! 
o 
12 
a 
t I ? s i I 
«t-
o 
I* m 
S H 
I I H 
I  
I 
I  
S 
0 Q t3 
I 
& 
s: 
1 
& 
s 
M 
I* 
«l 
? 
f I 
I  
& 
i ft-
y} 
o 
s H 
& 
S 
«!• 
0 
§ S 
«t o 
s s 
" & 
.•p,' 
# 
sf-
§ 
% 
c <4 
1 
a 
s 
I 
0. 
# 
& 
g i 
e*^ 
® O 
» ^ 
g 
I 
§ 
® 
o 
e 
i» 
5 
© 
is 
t 
m 
m m 
*s m 
a 
s 
IA 
t 
f 
f! I 
6t 
£1 
H 
cf. 
3 
H 
I  
f 
I 
ef 9 
to 
00 
f 
« 
*4 
» 
i' H 
1 
s 
«l^  
& 
S 
a 
o 
0 h* 
I* 
1 
I  I 
11 
I* 
0 H 
& 
Kf 
O 
H 
I 
•S t* 
s 
a 
© 
ct 
S 
o 9 
a 
s 
e 
«4 
I 
o 
i 
H 
I  a 
a |A 
f 
& t 
a 
I  
«• 
a 
« 
2 
o 
a 
>* 
c+ 
O 
M 
I ^ 
« 
f* 
et-
& 
E  I  
I  
p 
a I  
»< 
H-
*» 
I 
1 
I  Q 
S I 
t 
a 
I  
>* 
a 
g 1 
? a 
ct 
cf 
O 
|^hi4 %a 
CVf 
ri 
43 
4» 
I  
# 
I s 
a 
S 
I 
•» 
I  
I  
* 
•r4. 
*1 
« 
«» 
I  
i 
O 
« 
s 
I  
§  
I 
I  
d g 
*4 
a 
$ 
*« 
§ 
I 
I  I  
I 
b I 
li 
I  1  
«  I  
I I 
§ a 
I ^ 
§ m 43f 
I I I  "  
I 3 
i  I  
€ I  
# 
I  
H 
© 
m 
s 
g 
s 
H 
§ 
I  
S 
I  5  
« 
5 
S @ 
s 
1 4» 
«  
I  
I 
a 
a 
& 
o 
••Hf 
I  
I  I  l i  
r4 
© 
© 
IS 
s 
s 
I 
0 
91 
iH 
s 
M  
I  
# ii4 
i w 
m m 
I  !  
I  
5 
% 
0 
"H 
A 4> 
s 
m 
r-l 
I  
m 
I  I  
m 
s p 
I  
I a 
n 
# 
4« 
? 
i 
A 
^1 ! I 
s 11 
H 
rt 
<H 
tt 
a 
1 
.  ^  
I  1  
I  5 
1! m I 
% 
I I 
# #4 4» 
? 
1 
4* 
0 
9. 
1  
S 
4» 
J* 
b-
I 
3 
0 
S 
*• 4» 
I I 
I  I  
m f § I  
5 
It 
3 
§ 
"S CI 
r4 G 
& O 
G S 
I  ^  
€» 
« <P 
S 
•» 
I f 
I I 
I 
I 
%« 
# 
I  
! 
I 
m 
s 
I  
# 
I  
p* 
1 
5 
fa 
# 
§ 
I 
a § 
t § 
f 
§ 1 
I  
I  §  
•*4-
I  
i 
m 
1 
I  I  
3 
I  u 
0 
1  
i 
m 
i 
2 
3 
%« 
f# 
& 
P 
*1 
S 
5 
3 
I  
§ 
# m 
& m 
O 
•H 
43 
n 
I  I  I  s  
§ 
H 
I  
s 1 
*1 
!  5
I  3  
I  I  fil %l 
S 3 
9 
i 
0 
%4 
** 
a 
I  
I  
15 
years, tii$ us© of tli#s© resins Im© hmmn gratlfylngly stio-
p«»#fiil: iB th® of liiorgaaie, orgaalo, and blologioal 
©healstry. l^#r», j|t .al. (52) hair© r@iri®ir©d th© early history 
of Im @;gohaijg©. •: A tr®a@adous nm£b®r of articles d®alliig 
ulth ..aj^ilestlonis, ss wll as th© api^aarwae© of "books (43# 
53;) p#rlodl© r©'rl©ir» 51f 8l# Sa) testify to th© 
liier®®»l»^ .la^ortame® of Ion ©ssehiyag® la, chealstry and 
•Isdmstry. • 
4 wmmA ao'dlfloatl^ of th© ohrowatographlc ia©thod no 
1®.®®- l^ortaat to th© @»iy»t than loa exohaag#, vas Intro-
dmo.©d hy .iiartia and iyog® (48). fh©y ©mploy®d "partition 
ohriHttatography*' In th® s@|saratl©m of th© produots of the 
hydrolysis .of ppotelas, Sllloa g®l In a eol^aan served as a 
aeohisileid. support for water, th© IOTIOMI© phase > while 
orgsnle tolirents aoired, down th© eoliaan# distributing th© 
solutes aeeordlng t© their affinities for th© water and the 
flowing solTent, fhelr teohnlqim© has subsequently been 
Kodlfled and applied to the §iepsratlon and Identification 
of a wide mrlety of substances (10., 17, 21, %?). 
. fhro»to^»phlo teohnltWits evidently have not as yet 
beeome l«portant in the st^y of soil constituents, althoui^ 
th® methods have been applied with sueoess to aiany classes 
of blologleal ei^«>:unds thotig^it to ©oour .In soil. Schubert 
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&lT m» 4rmm th# •oltitiQii foj» s#ir»x>al hows to remove 
th« of th# hj43*^gem siMlfMe, and the solution 
sii^tlf l»»io with soSiim hj^^xlde * 
4n ifcloohol pEKeoi|>it&tiom ma au'batituted for the cuppio 
m&etmte pE»»oipitibtion on two oeos^ aions# hut mm found leaa 
^eliabl® and l«ia ^ffioiant than the ooppe^r p2>eoipitation. 
Ihen sm@@s«fitl» aloohol p^oipitstiisi has the advantage of 
i*em#ting p^aotieallf all of the inoi^ganie phoaphoims. 
W ^3?em3?AM&m. of itotaae* Solutions shoving high 
|ih|rtas# aotiiriti' nere i^epared as needed^ again using 
•samtiallj the method of SmtstamM (37) • Wheat bz»an vas 
mixed 'With water for .half an hour .in a hi^ speed eleotrio 
dri^ oiaiing n^ohine. Insolilhle material was reiwaved t»T 
mqmmimg throu^ tloth and oentrifuging the eaetruded 
liquid* fh# enspie was prtoipitated hj saturating the so* 
lution with emmim s^ulfate, the preoipitated material was 
filtered off» susp^ded .in water in oellophane tubings and 
dialjmed %M to hours against rmning distilled water in a 
rO'Olelng dialysjier. Tim olear liquid obtained after centri-
fmging di.splajed a hi^ ph^tase aoti^itjf. fhe aMnonium 
sulfate pre@.ipitatim and diali'sis were repeated on the 
filtrate whenever additii»al purifioation aeeawd desirable. 
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I. S©»» prnmrttm aoil® 1^0®# extpacta irer© 
Soil ^ LiiaatiflM 
$i®SI$ilA$lt 
. ©liaj»a@^yisti© ^ ^  f 
Organic P -2/ 
emXent 
soil toasis) 
II
I 
Stoi^y 
Comty 
Slowly €i?»iii®t 
praifi# s©il 6.2 255 
Clari« 
loatt 
0-9" 
®t0a?y 
f@mty 
Wtli toaiaaed 
pi»aii»i® s#ll 6,7 144 
silt Jtoatt 
©-^9" 
F&Xk 
§&mty 
S®il. .fi»@» Mgh 
lim sp#t. 
Wies@mto@S#ii 7.6 244 
WzmaiasS 
silt Imm 
0-3" 
Mitm&n 
C?®mty 
W#ll €raia#4 
f®i»#st soil 5 . 3  289 
M/ Tbm mt th# Sax^etex* sJJLt loam •ma fmmt&imA toy ftp. ,F. F. aiid thm ot the im-
nwaM .silt ieaiit %y B* M* 
M/ t®tt»iia®€ ifim & glm»8 #l,®@t3?®4@, wing « lA 
mtt& »&& tim @f P©«@li e|. a^. (^). 
leteimiiitM ly ®»thM ©f p«ai*»®a (57)* 
^ 109h&%mw l®am i« mw ti^ tatlwly called Hieellet 
S3L 
(h) Fyeimr&tiea. sola, ftaetgaafea* Methods toj? 
eKt5?»©tl  ^plift,iii aad Ita depivatiires soil (12# 13# 27, 
3T# St# i®) iaelmt® m tmu mletm. pveeipitatlen 
the iaates»ial that ®aa h® #xti*aot#d trm toil with hot 0*5 1 
todiw h^rdi'OaElde# amd iitii@h is resiatant to i:^0h370aite 
oiEidatiOh* ^a<ii»a®»» prooedwt (37) iaeoi»poi»atos both the 
itoa aad ealeiiw pafeolpltatioaa, as well as the aodim hyp@-
biroioite oatidAtioa« and aeem»- to be jreasoaably speolflo for 
fhe paftoolpal atepa a^pei 
!• fh©i»@agh washing of the soil with 1 J| hydro-
ohlori© aoid# 
2 #  ligestioa of the soil with hot 0.5 M sodim 
hydroaelde (.»oil/sol«tioa rati® lAo). 
3. Freoipitatiom ©f the bmlk of the orgaai© 
msMtm at pfi 0*1» and its r^moiral. 
%• Mm iroa. precipitation at pH 1»7 from a 
soimtioa ooataijiini 4 per m&t sodium sulfate. 
5. Ja aliialiae hfpobroMte oxiiati^ of the 
precipitated Material. 
6*  ^oaloim preoipitatism from a basio 
solution. 
7. A seo^id ir  ^preoipitation frm 4 per eent 
sodim smlfate solutim at |ii I.7. 
@« lea^position of the seo^d'iron preoipitate 
with awonia* and aieasw'^aent of the organio 
phosphorms oontained therein. 
In a rather thoroi#i stud^r of the solubilities of the 
li3i|^ ates«  ^#ael«an had fomtd that the iron and oalcim salts 
1/ the term ••phytates" has been used mymm^&utlr with 
**inositol phos^ates" in tMs dissertatitsa. 
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2h 
ma«t th# pp©-clptt®ticm of ferric hydroa^de, 
©lil^rld® witfa. later chromatographie sepa-
rmti^as, and its r«ii©iral vas This was acooaplished 
wltli little dlffieiJlty toy aetdlfylsag the aoll extract and 
.©va^Qratlag it to saall -^oltM© in the cold tmder a stream of 
air#'" th#B precipitating th© ®®dliM ehlorid© by the addition 
©f concentrated .liydroeJalorie aeid. fh® aodim chloride was 
i»®aowd, di®aolired-.ia-a ulnlaw of water, and reprecipitated. 
stiperaataat# were ©omhlned and evaporated to dryness 
mder the air streaa# Mien taken up in water and adjusted t© 
desired degree of aeldity. fhe organic phosphorus was 
•imntltatiirely re i^OTOred» 
©hipoiiatography» various.. types of eelwis# aetheds for col-
lee ting fraetioas of the eliiate, and systems for applying 
the eitit.ine soliitim te the adsorbent were inurestigated. 
The »®st satisfaetery devices developed are described herein. 
f a )  iolnams. A  very satisfactory type of colamn was 
assembled by sealing to one end of a 60 cm. length of 15 
B, Materials for ©hr^iatographic Separations 
Iwing the preliMsary enperioents with col^mmar 
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26 
was to thm b^ttm &f the m® tlmt it z>#ate<l 
m. th# glass th&m mt#3* urns f0:r6#€ into tha mlwm frm 
th® bottw with .«tiffi@i®at to 3?ai»# tha aaa^rhent 
mmttj to the t#p Qt th@ mtwm* fh# glass nhioh had 
pr®'r»at«€ • glaaa wmt trnm fMmtiMg ^ irith the &wsTem.t 
of wat«f»«. was :rewT#ti and the mlwm Pd'tated tetweexi the 
.hafiits mtil the iiKdiTidmal ^rtieles mt the adserbeiit vere 
settling In this aana®^  ^ aa evea# elosely paoked 
aiso»Mat hed, frm imm tmdesiafahle ehamels# was foawied. 
Wm i& mhieh the ads^rbes^t iras te be ex* 
tiraded, the Iswea? end of the e©3.ifflaa was fitted with a jmbber 
st0pi>e3P eawfiaag the ^ass tube to whieh the plastie tmbiag 
m& #a#» tif were attached« ©a ®ae ®©easi©a the swelling 
0f the ad»ei?b®at mder ©haagijag t-eiaditi^s dtariag the rwsL 
f^r#ed the st®iper #nt @f the b@tt©iit ®f the tmbe« restiltimg 
ia less #f the ads®3?beat au# elmtiag selmtion* 
Ch) Irriigatiea »y»te»* A ©©awaiemt awthod fer apply­
ing the elmtimg »©lmti«a t® the ads@i?b<mt eomsisted of a 
siphoa aiwaa®e»eiit twm a. reservoir eomsiderably above the 
mlmm, «td ©omeeted t® it by Means of plastie or rtabber 
tmbimg aad a tight fitting rubber stopper, Whea the strength 
of the solmtioa was to be iaereased in a stepwise ataaner# the 
siphoa was ©lanped shmt while the reservoir was te^orarily 
27 
4 »etfe©d fm ,g3?aamlly ant mm&thlr iaeveasliig tfe« 
»t;3?ejigtte ,.Qf tltitiag ms aad Is »hmm 
tim§3?a*»tl@all3r 2a Fign^t' .2, tn^li a »etli04 ifa» fotiad to fe# 
a!iv«itag«.:0«s f®2» ©«ytm^SJi t|^ 8 ©.f eac^Pisteata# e»iMieialXy 
mo«© iii, wlilih. mti-iad ail803?fe@at» aM #ltia»t» *©»© being 
iiiv#stigAt#i» 
ffe# gtf»©aig®t .im tJi# mpp«p eoataiaea?, B, flowed 
iatQ.. A at th# 9Bm i^ate as passed fmm A ttooiag  ^ tb® 
oolwa to t&# 3P@:©#iir@i*, ffe# golutioa in A r#iBaiii«d oonataat 
in .and its .»t^agtli im©.3»ea8®d as .Indieated, Wimn 
tli@ eontain@i» wmm mpW-g »t3?#ngtlj. of soi-atioa in 
A liad in@i»»a#®d lay 6a • 5 pm  ^ e#at of tla® diff®i?«aee "betwaa 
initial st^agths of solmtions in tfe© uppar and lower 
fe®ttl®8• 
Failmi  ^ of tlio solmtloas to mim in A aii^t b«©oa» a 
pi»0ll®» md®r siwe oisnditloaii* although stieh did not appear 
to fe® th® eag® ,in ^®i@ enperiatnts.. H©ir®v®r, ifh®n larg® 
mmrmlkm (t® llt®r oarboys) mm tis®d aa ocmtainars A and 
B, .th®. aolmtion in A mm i»ii£®d with an air atraam# and it® 
l®ir®l l:»pt ooastant lij r®,gi3lating th® rat® of inflow froa B  ^
(o) W»m%ima 0oll#otor» .in ord®r t© follow elo«®ly 
th® phoaphorms is.oat®nt of th® effXtmnt from a column > th® 
28 
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Figure 2, System for applying eluant in gradually increasing 
strength. 
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31 
isoTOFs al»© be expected t@ sepajpate upan columms of 
.aaioii e^sehamgers • 
Altlioii^ ele^tFical forces sbotjld p2»edoiiinate betireen 
c©ap0tmds ©f tfeis natmre and tb® adsorbent, tbere was also 
the possibility tbat the physical forces of attraction 
between the different .phytates and an ads®rbent might differ 
siifficiently that separatims could be aeempllshed mder 
conditions where ion exchange did not predominate. For thia 
reason adsorbents other then anion exchange realns were 
Inel^tided in the stBdy * 
With the ab0¥@ considerations in mind, several adsorbent-
el«ant eombinatlons were in-restlgated for the ptarpose of 
selecting a suitable ©oabination for futtire use. fhese 
adsorbent! end el-oants are listed in fable II# together with 
comenta concerning them* 
the phytates were so strongly adsorbed on the Aatberlite 
HA-400 itnd the lonae that they conld not be removed 
with acid of a reatonable strength. Ho ftarther investigation 
©f these resina was tmdertaken. 
fhe beha-rior of the Howeae 2 (Figure 7) va» perplexing. 
On one oeeasion several distinct separation# were indicated, 
with the Inorganic phosphorua being eluted by hydrochloric 
acid of a strength slightly below 0.1 H. Several organic 
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33 
ttiought that th© Jyahwllt® ajlght h© th© B1931?© desirahl© of 
th@ two if its partial® tis® w®i»® amall®!*. Grinding in a 
snail Wil#y sd.ll wa© fomd iapraetiesl beeaxis© of th© 
©logging of the mmem "W r®sia, and hall milling did 
not redme©•th©.partiel© size. 
B®-Ac3.dit©^ a w©alE: has# anion ©xchanger^, was fotmd 
superior, to-all others for th© pm?poses of this study. In 
ord®r to d#t®2»in@ whether or not results co"iiild hm duplicated, 
two coluwis w#r# pr@p®r©d ®nd operated under conditions as 
a#arly identical as praetieahl#, loth.coluana were fed from 
th#.s«© irrtgmtion syat®®* Hesialts ar® shown In Pigiire 5. 
fh© patterns 'froa, th® two oolTaans agre# well -in nmber and 
size ©f peaks# lesult® of further rtins involving duplieatee 
ms.j he seen is 't'lgur®® 6 and 12, 
A eoMunieation fr€» laie i^amfaeturers of Be-Aoidite (56) 
reeeiired a »hort, tia© after th® eompletion of the experiment 
disoussed ahov®, suggested the use of sulfuric acid rather 
than hydrochlorie acid as an eluant, fwo coluams w-ere again 
prepared,,and. the efficiency of separations checlced. An 
identical Quantity of the mixture tested with hydrochloric 
acid Cfifure 3) wa® used, fhe results plotted in Figure 6 
ladioat© a satisfactory degree of duplicability but fewer 
separations than when feydroehlorie acid was employed as an 
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It* ejcploratOFi- voyk with adsorbents and 
eluants• 
Msorbent lluant Observations 
anion Ixohsng® leslns 
^berlite I1-4-B E§1 2.3  1 solution elnted all 
(10-40 m»U) l^jtates. Fair separations 
Weak base Indicated• (Figure 4 A) 
«k©l 0.1 S to 1.3 I solutions 
failed to elu^e all phytates, 
although some separatlcms 
were Indloated. Hlg  ^ salt 
oontent interfered with 
detei^Onation of phosphomis. 
XiiOl 
SB^OH 
10 per oent solution eluted 
about 40 per eent of phytates. 
High salt content interfered 
with dete^Blnation of 
phosi^orus. 
0.3 H solution eluted about 
60 per eent of phytates. 
2*5 1 solution eluted little 
Mditlimal organie phosphorus. 
©e*-Aoldite 
(6^80 ®e»h) 
Vea^ base 
mei 
mj^m 
1.3 j| solution eluted all 
phirtates. food separations 
indicated. (Figures 4 B, 5) 
2.3  jr  solution eluted all 
phjtates. Separations 
fewer and less sharp than 
With HOI. (Figure 6) 
0«5 J solution eluted about 
75 <»f phytates. 
Ho separations indieated. 
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•Sa-hlt IX. (eoBfeiBusd) 
SliimS 0'ba#pvatiOBg 
••©®*4@Mlt® 
imsL%iMim4.) CMb)oiO« 2 3p«i? e«at solution s^afidy ^ elmted all fisytatas, H® 
s#jpai»atl@m« lndl@ated. 
Amberlit© IM-400 
<10-^0 
Stpoag tms© 
1®1 
SI4OM 
Sim 
0.1 1 t© 3 fi H®1| 0.1 I t© 
t,5 5 10 pea? cent 
Sil^l"#lmtet m phytatea. 
M©m%- 2' • • 
C 2^0-500 mnU) 
it2p#ag liaii# 
Efl 
m^m 
0.15 I selutlea ©luted all 
^ytatea In on© ©aEperlaent^ 
1 K Bolutlon jwquiifed at an-
othes* tliB©. Fair aepapatlon© 
Indicated. Sesln vaz»lal3l© 
In behavior, (pigtire 7) 
0.1 1 to 2.5 I eolution# 
©luted mo i^ytates. 
foaa® Mil 
InteJMdl^te 1mm WL^W. 
3 I K01j 2.5 I IIH40H eluted 
no phytatea. 
Activated ofearooal 
imTek*m powdered) H©i 
ICK^0S 
0.1 M to 4 ^  solutions eluted 
only part of phytlo phospboipus. 
Ho separations indioated. 
CFigw© 8} 
0*3 M solution eluted little 
phytle phosphorus. Possibly 
one ooapound laolated. 
(Figure 8) 
Alvm^Um E01 (Fisher»s S0-200 
mesh) 
0.1 H to 4 j| solutions eluted 
no i^iytates. 
0.1 I to 0.5 1 solutions 
©luted no phytates. 
Wtgm® tsiy anion 
•x#liang«« of 3f«»ins. 
I,i5 is: 25 @a- @@3.im8 aesh Affil>eplit« 
il»*-*B and 60*i® ai®»li ®«-A@ldlt©» 
s#3.mtioni . WX 
f«8t aa'tex^iali &t eiiSTiiatioall;  ^degradtd 
«@dlm ffaytat# and t-^wMtrelal. talelm phytat©* 60 MS-
0£*f aula' «, 
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. ( I n o r g a n i c )  A .  A m b e r i i t e  I  R -  4  -  B  
O 
<D 
CX 
CT> 
O 
. ( I n o r g a n i  c )  
B ;  D e  - A c i d i t e  
2 N  
"O cr 
•— c O I N -
20 3 0  60 10 5 0  4 0  
F r a c t i o n  ( A v e .  6  m l .  e a c h )  
38 
r 
^ ( 1  n o r g a n  i c )  
Exchanger: 1.25 x 25 cm. 
column 60-80 mesh 
De-Acidite, CI" form. 
Eluting solution: H C l  
Test material; Enzymati-
cally degraded sodium 
phytate, 146 yug. organic 
phosphorus. 
Iv _ 
A 
^ ( I n o r g a n i c )  
\ 
D  u p  1  i  c o t e s  
/ 
1 1 1 1 1 
2 0  3 0  4 0  5 0  6 0  7 0  
F r a c t i o n  ( A v e .  1 0  m l . e a c h )  
Figure 5» Separation of Inositol phosphates "by anion 
exchanger. 
39 
Exchanger: 1.25 x 25 cm. column 
60-80 mesh De-Acidite, S02|^~ form 
Elutlng solution; HgSOj^ 
Test material: Enzymatically 
degraded sodium phytate, 146 ^ug. 
organic phosphorus. 
30 
^ { I n o r g a n i c )  20 
o 
Q. 
CO 
cr> 
D u p l i c a t  e s  20 
• [ I n o r g a n i c )  
2 N  
5 0  60 3 0  4 0  10 20 
F r o c t i o n  ( A v e .  1 0 m I . e  a c h )  
Figure 6, Separation of Inositol phosphates by anion 
exchange.' 
Wtgme T* by anion 
satiilisaes* ' ' '  ^
Mm^imMgrnt 1*23 m 24 c»* mXmm 250-5OO ae»h 
Wmm 2, Mf fsm. 
B^Lmting »#lmti@mi H0I« »%imi^th &a indieatea. 
f#st Imspii&tlaallf 4«s^a€«d 
4,  ^ 2.5© /<g« ©rgiale ^@»|aa®i?\is. 
t» 1./% «f satw&%«d with 2«3 mg. 
@Fgmi& p3.tta #«f iig* in#i«f ani@ 
4 0 T d  
20 
A c i d  s t r e n g t h  
^ ( I n o r g o n i c )  
-^^1— 
9  0  60 80 
F r a c t i o n  ( A v e ,  1 0  m l .  e a c h )  
20 4 0  
QL (/) 
Q. 
Q-
3 0  
X  I  n o r  g  a  n i c )  
20 
1 0  
"O 
O 
120 80 100 60 4 0  20 
F r a c t i o n  ( A v e .  2 5  m l .  e a c  h )  
41 
Adsorbent: 1.25 x 15 cm. 
coliamn Merck's powdered acti­
vated charcoal. 
Test material; Enzymatically 
degraded sodium phytate. 1.6 
mg. organic phosphorus. 
0 
4 0  
to 
3 
O j=: 
Q. (f> O sz 
CL 
E 
CL 
QL 
3 0  
20 
0 
0 
B a s e  s t r e n g t h  ( N  H . O H )  
A c i d  s t r e n g t h  ( H G L )  
20 40 60 
F r a c t i o n  ( A v e .  2 5 n a l . e a c h )  
Figure 8. Separation of inositol phosphates on activated 
charcoal. 
2^ 
t f *  pt®0a©wEs wm Mm wmrwtnMrmis 
m mmmQwm §mEp$wm 
Jk. hmmtlm «Sit &t 
in Mtftmut fmm ^^Iwrntt 
 ^* AaMag wltli 
fm ^t©3?ssiaiag total ^©si^orms 
ia s©.|.wti« i» t® ®mp©*^t# aa sliiiiiat t® drym«8 in m smdil 
ia tli», pmmmum of lait^at®, a»h in th# 
•Wiffl® ftoiae® t@T imwp at 500^55©® 0.» then mak® to 
mlwm &M. t«t#«in#, ph#»ph©3ms tisimg th® ©@l.0^ia»ti»i© pi^-
m^wm «i.f Melawm aiaH Mmt Ct^)» t»®haiqu® wa» six1»^®ot 
W. tm »#i?l#ws tiiaivatitag#®, so far as th© p:p®a#iit inwsti-* 
gatl®a wm o«i#©aa®dt Cl) th# tlai® I'ftqtiiS'®# for ©vaporatioa 
of th® allqtiot aM th® ospaeitj of th® umffl® fvmmem limitod 
th® awher of eo1l«is that e#iil4 h® hsii€l®tj ©aa (2) ifh®n 
Mall qiiaiititi®» of mT& ashoa# resets t?©3?® 
®r»ti@.. fh® latt®r €iffl©iilt^ if»» thought to h® <lu®,to 
mryiiig €®gr®«®^ of ad»#5?ptlOh of th« phosphorus on th® glass 
h®iilc®r*. fhat ms liia4#q«ate h®e«aa® ©vidant ®arly 
in.th® stti^# 
#3 
»#v®3?ai pmm^SkSM »p®t plates mm thoroughly 
el««a#.d, ®ii«l alitmots &f solmtlo&s @€sataialiig varying 
«ii®mta. of «©<liwa i^ytat® w«r# plaoM la th# depressions • 
flies# were #m]^jmt«€. to drymess on the steas plate ^ some 
with hydroehlorl© aeiS,, .»o»» with nltrie aeld# ana others 
wlth.a alaitw® of nitric aM hydroohlorlo aolds. The plates 
were ooole4« ant 4ilmte solmtlons of «mionitiiii aiolyMate and 
stanno.ms ohlorMe solutions of and Bray (26) were 
added* lesiilti mm wist erratio. In some oases the 
hlanlES showed ooasideratole hlne eolor whioh may .have been 
da® t© phosphorms being derived from the plate itself. The 
digestions were mreliabl®»: and there was the possibility 
that traees of aoid rominlng after the heating affected the 
development of the oolor. Attempts to develop a qmlitative 
and s®®l*qii*Btitatlv® aethod for looating j^osphorms 
eoi^owiid®, by wans of a spot test# were not oontlnued 
further*. 
3* l^orohlorio dlEestl^ of allo^t 
By .far th® most effioient aad reliable ®®th©d for 
loeating the organ!© phosphoams ©oupomds in the eluate« and 
®@as^ia?i3ag :^®aph#rm» aeewately, was based *ii>©a a per­
chloric acid digestlm. A 1 si. aliqmot vas taken irlth an 
automatic plpet, generally fTpm ©very second fraction 
collected frcsi a ©®ltam, and placed in a 30 si. beaker 
gradmted at the 20 ml. aark. One-»half si. of 60 per cent 
perchloric acid added^ the beaker heated on a gas plate 
mtil the dense white fmmn of perchloric acid appea2?ed, 
after which it ¥as coire'wd irith a watch glass and heated 5 
to 10 minmtes longer# then alloved to cool. 5he vatch glass 
mm rinsed into the beaker with a 4©t of vater from a msh 
bottle, a drop of p-nitro phenol added, folloired by 1 ml. of 
6 1 awonia. fhe solmtion "wm |nst decolorized vith 1 M 
hydrochloric acid* then siade to the^ 20 ai- mark vlth water. 
Fife ml, of sMOaiism aolybdate solution (26) were pipetted 
into the beaker by means of a hypodermic type syringe -whose 
needle had bees replaced by a short length of 2 Hm. capillary 
tmblng* fwo .drops of stiymoiis chloride solution (10 g. 
Sn01g*2 HgO disaolTed ia C:Oneentrated HC1> 1 lal. then 
diluted to 20 Ml.) were added* and transmission measixred 
after 10 minute®, using an Ivelyn or Luaetron photoelectric 
coloriaeter. fhe completeness of the perchloric digestion, 
&.M well as the accuracy attained using graduated beakers 
rather than voluMetric flag&, was checked and found adequate. 
A mMlfieatioa &f th« ati®v© preeed\i3P©, trhlala eliminated 
thm &t the perelilori© aeid and the adjuataient 
the solution to irolme, vas deTeloped during the latter 
part of the investigation. I<ess hfdroohlorie acid vas used 
in the preparation of the ^ lyMate reagent« to ooiapensate 
for the perohlori© sold regaining in the hea&er after the 
digestion, iixtj grass am^ium moli-Mate^ (iQB[i^}gliD.^024*%H20« 
vere dissolTed in al>out 1 1. of water at 50® 6., the solution 
oooled# and 96O lil. oonoentrated hj^droohlorio acid added. 
fhls solution vms diluted to 20 1* Bj neans of a hypodermic 
syringe with a wire stop over the plunger^ 23 al* of this 
solution were delivered into each beaker, whieh still con­
tained 0.3 to 0#% ml. of perchloric acid after the digestion, 
fwo drops of stannous chloride solution were added, the 
solution mixed with a glass rod, and colorimetric readings 
taken after 10 minutes. Tery consistent readings were 
ohtained for a 0.2 pim. standard included with each series 
of uhknoms. 
B, fhe Determination of Inositol/Phospherus Ratios 
fhe number of phosphorus atoms bomd to each molecule of 
inositol may be ascertained by determining the ratio of in­
ositol to phosj^orus. this ratio for the hexaphosphate isi 
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f&wm «ft#r 7 hews Matiag at 140® ©• Foa* another aeries 
heM at the mm» tes^rattare  ^ hytrolysla traa- Ineoaqplete even 
aft®3? 10 hours# The deoOHEpoaltloa of inositol dtjrlng the 
enteaied hyirolysl# wa» found to tee nil after 12 hours in 
me tase  ^ yet alsost 30 per oent of the inositol in the 
oontrol tubes wmn destroyed in only 8 hours at another tliae. 
Wmn the phytates were placed in 20 x 175 wi. Fyre* test 
tubes in 6 H hydroehlorie aoid, eorered with inverted 30 lal. 
^a&er®, and heated- at Itl® §, in the autoclave, hydrolysis 
was..found to be inco l^ete after 6 hours« but ooiplete in 
8 hows. nineteen pei» eent of the inositol was destroyed In 
i hours, fh® decoapositlon of inositol was aeasured In each 
@ase« and a correetl€»i applied to the unimoims. This cor* 
reetlon generally agreed very well with that required to 
bring the Inositol/phosphorus 3?atio of known phytic acid to 
its correct value# 
Variation was fomd to be least when tubes all of the 
same sljse mm employed during a particular series of de» 
terminations# and the saa^ volume of liquid tised in each 
tube* Several tubes of sodluia phytate and several containing 
a laaown awouat of inositol were included with each group of 
untooims hydroly«ed« A tube of sodlm phytate was analyzed 
at .intervals. Hhen all the phosphorus appeared in the 
4^ 8 
ia®3?gwile all tb@ tiibes taken tr&m the oven, 
oooled# opened, and the eontenta of each transferred qmMtl" 
tatlvely to a 123 al* Irlenaeyer flask. If the pertodate 
wethod was to he used for the detendjiatlon of inositol, 
the oonteats of the flask were evaporated to dr:^es8 mder 
a stream of wsm air t® re»ve the hydroehlorio aeid, then 
20 to 30 al. of water were added* When the hiologioal 
nethod was to he eaplojed* the contents of the flask were 
neutralised to the phenol^thalein end point, then made up 
to a volme suoh that the ooneentration of inositol was 
ahout 2/u g- per »il* (the ®^iint of organi© phosphorus intro-
duoed into eaoh tube was knoim in advanoe, and the approaciaate 
iaositol/phosphate ratios were known after the first series 
of deterwinations). 
An aaalytioal prooedure desoribed in detail by Piatt 
m.d tlook (63) enploys an oa^idation of the inositol with 
periodio aoid, with subse<iuent iodo^trio detersdj^ation of 
the unused periodate. An investigation of the possibilities 
of this method was ae^e. From 1 to 4 »g. of inositol per 
detemination were required, fhere was considerable loss 
of Biaterial during the preliminary hydrolysis, however, mid 
the li»ited stook of mkmmm. oo^ounds was depleted before 
the details of the aethod were well worked out. 
fli®. metliCNi finally ©aployei thm d#t«i®laatioa of 
ia#s.it@l tmmrn rnmsMtrnm «^ f vitaaila .ffopepties of the 
©o«|i©m€* 0»ly 2 t© S/^ g. ©f la@®iti0l ,.p©p detaralaatlon ar® 
Sagelmgaiigris#s ©aa?l8l>®gg#a»is i&tT&iM 42^8, 
Mmwlemm. Tfpm inlttsr# 0©ll«#ti©a) 3*®<ititai»@s lausltol f©-3? Ita 
femt 1$ •aialjl® tb® c©mp®T3iMi, It« 
growth ia. a.,tt»di«a all ©tb®ip ©naetttlal gap^irtli 
faetOFii $.« tli®3?©f©i?@ pi*®p©a?tl©iial t® tJs© qtMatlty ©f inosi­
tol a^ tli® eonditloas of »t«i»lli-
satlm.y iBO#t3latiom« ami in@ti'batloa are de8e.i*ib®d im detail 
lif fop#la^€ (2t) • H#3P 1» toa»#d on th© proo«dt(i?®8 
#f Atkla (B) and &mmm aai Solotka (73) • 'Hi® ©aly modifl-
#ati®a8 of tb@ d#a©i?i'fe®d Isy fopalaad war® tii® 
#f 3# tsl. l3#ak@]^a« ooW3f®d by vatoh glasses» 
tm %M# lal* flaskst th® elifflliaatloa of sfeakiag, and the 
«## of 1 »1,* ©f j*atli@i? tlaaa a loopftil. 
fue o-feeoks wei^ »ad® mpoa th® speoiflolty of the- laethod. 
l®Ith«i» i^3yi3?oly8«€ iaositol phosphates aor ^yoerol stliam-
lated the groirth of th®' test oi^^alsw# 
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$M vltli aa i@a mom 8%i?®ag3.3r held tfeaa that t® l>« 
m»«d f@F 9%M%Xm i»«i»f®s^s m» a€.iris#€»^ ConsequentXy^ the 
y#«la waa pat SM. the sulfate fmm iri"^ 2 ® aiilfwle aold^ ajad 
yla»#d tterimghly wl.*^ ©#01, J| aeld ajid stox^ed la 
this a@id mtil. used. WasMag with iratei» vas aot ppaetical^ 
miMm it had be«a t® @auae a ^ iptial emversloa of the 
aresiii t© it# h^ifeoaqrl t^ -m* S«© iC^g was adsorbed trma. the 
?im«e w«t«F, .®ad was ewifed later when aeld was jessed 
th3F©iagh th®' si^lwsa# 
2, eel-imni 
@n1y wx^ iiaM»i % aM^mata &t uakaewa aiijitiaopes wex>e 
adi#t''bed m eaeh ©elm dtiOE^iag eaipif- wex*k. Eirea though 
i»esm3.t« had heea ps^^iisiag# it was f>ei»ciw»aded ^  that eae«-
fewth t# 0a»*thi*d ef the ©©Iwrni, i^athe? thaa a very thia 
l>e saturated with the mlsct^iFe to he resolved, ^oase* 
Qmeatly« a 6 hed #f resia was plaeed ia a oelmm 1.23 em. 
ia diaaieter» aad the mistwe to he resolved passed slowly 
though mtil iaorgaaie phosthoams aippeared ia the efflaeat. 
fhe satizrated resia was thea eactmaded into a siaall heaker«. 
^ ®he writer wishes to «3i|»ress his appreeiatioa to 
f. Imtler aad fowell# Atoitio lese^eh Xastitmte, Iowa 
State College» Mmn, Iowa# for their- helpf^ siaggestloas 
ooaeeraiag, operatioa of ooltswas. . 
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Exchanger; 1.25 x 25 cm. column 60-80 
mesh De-Acidite, SOii" form. 
Eluting solution: 
Test material; Enzymatically degraded 
sodium phytate, 1/4 of column saturated 
with 34 mg. organic and 15 mg. inorganic 
phosphorus. norgonic P 
Re-run of  f ract ions 4-7 
wi th O. IN HC 
20 130150 160 6 0 80 100 
Fract ion (Ave.  30 ml.  each) 
Figure 9« Separation of inositol phosphorus by anion exchange. 

20 
10 
Unorganic)  
5 
0 40 80 100 120 1 6 0  200 240 
10 j ^ lnorganic)  
5  
0 !20 160 200 240 
15 
.( Inorganic)  
1 0  
Acid st renqth(A.B.C) 
5 
40 80 1 2 0  160 200 240 
Fract ion (Ave.  30 ml.each) 
57 
fto.® peaks f^a©ti@a» 120 anS. 2^0, etirve A0 
'mm W0i.'me€ 3m ais®# ®w atmmt ®h%it9mt0d tyy tlie aetion of 
tht mMfm» villi.# tto® ®lmt«d ®a3?ly la th® mm w®i»® 
3r®latif#lj iaei»ea»ed# Wimttmr th& pmtt»m. app®ax»l&g tsetwaftn 
fi»a©tima T6 mii. 11§ impm&mta tm m tli3^® ooa^mds is 
twatimabl®* A% l®a«t two lQ@iWi»l®t®lj a®paa?at®d @eaipc»mS8 
A® m'&m. 
fW0 pa^ta &t til® aatartal tmm A, and flv® part# fvm 
nix®d ami s®pamt«€. as luitiaatad iM otsrr® 6. S®si 
iistM^t sapaipatlemt &£ 9'^gmilQ i^m'S^QTvs. appoar 
t@ feaw te«#m »alt®# fli® pl®t 0# the iae^asUig aoid straagth 
at#®©lat##, vltli tS^is appli®» t® ail tha?®® alutlon 
Sa tti® flg«a?e. 
©^* |ji@#lt#l/^li#8:^#»» ilati@8 ®f til® S®pa]?at®d 
fii® pi?®e®tw»® .la t#tall la pa»t tf B vas ®»-
pl@y®i fm til® t®t®iwl3iatlim #f tfa® laasitel/ptoai^ma 
i»at:i©», ,l®@au®@ @f t3a® laipg® .am@mit #f mrlatloa  ^ a® Many as 
tt sapai^at® €®t®3mlaatl#i3Mi ®f I&® ^atl®8 of amm of th® 
w®!*® iM mm tag® ai*® las® tliaii 12 atialTsas 
v®pO]?t®t fm a Tim mtlm a^® pl®tt®d la 
flg»@ 11, ifltli til® fitmeial limlta (x ± pl®tt®a la 
a v®Ftl®.al lla® mtmm titm p®ak 7®pF®8®atlag th® ees^mmil* 
58 
fhm th® psiOe (rj?aetloa» 210 to 240) am&r 
M#it i»f til# tUmtioa €mm as %%» li«aEapb<»s]^t« b&d boem 
m^mp%tBmA mwltm i^a its 8l£« utm iii6i«e«ks#a 9® taax^kedlsr 
%f- tM 0f .««€lwi gti^rtst# ti» th® adxttir® of 
jiliftie aad its 4.®^imti^s* fitmsi tti# 80lmti@a 
#f fteM mm in. &3.1 8®3^i«8 d^teanai* 
m&titts# asA in B&m mmm emfzw^tion fm%®T to b® applied 
t# til# 9tl»7 ir«s by the ksmm 
iritli tli# ©bserired ia®«it@l/^^»:i^®3m» mti© ®f pbyti© asid. 
Thm tmmt tMt tia® ®b«ei»'r«d i?ati@# ^Btiem is®i?reeted foi» iaesi* 
t#l d®©©i®>®»ed diiriag fell veaqr ®l®»e t© tlie tmie 
¥»ltie ©f §,968 aff®»d» .ijae^eatted @mfldeii©e ia the i»ati©s 
obtained f@r the l®ires* eetei»a. 
P©8  ^ A mpm^vMg ia Figwe 11 evideatly 3?epa?eseat« a 
ttijctixre ®f the mmm" •md dli^ethatee  ^mhile 1 ie almost 
eeytaialy a togph.mpimt»t the yatio® ef the next fow 
eefa^ates aape ©leeeet t® the feio' ]^®«i^te leirel. <1 aad 
a appear t© s»epreseat five ph©»:^ate eate^e. 
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41 
5 
e> 
% 
m & 
*4 
J 
19 
3  
vi' 
• 
i 
r# ip  ^
II 
# W^-4» 
$i m m 
% 
|?<^  
cy 
© 
4  ^$ 
0 
# 
jsi *g 0 
CO 
%! CI 
e 
•P 0 
t 
lrt|  ^
.05 
Q. 
Q. 
CL 
^Inorganic)  
i60 80 i2C 
Fract ion (Ave.  32 ml.eact i )  40 
Monophosphate^ 
4 o 
o 
Diphosphate 9 
i/i zy 
</) 
r i  phosphateo ^  
uodr iphosphateo 
taphosphatep 
exaphosphat^ 
U) o 
c 
VO U' 
240 280 
60-61 
Sil# Qhmwm  ^ 2^&tl@s of e(i»po\m<ls 
s#pa3fat#t 
•piftrmTea 'il-.ft 
A B i B s F t H 
4.00 2.80 1.15 2.32»^ 2.60* 1.38 1.12 2.00* 
3.66 a.ao 1.30 2.10* 2.i7* 1.25 I.IO 2.00* 
3-3© t.oo l.6i 2.40» 1.97 1.10 1.02 1.75^ 
3.T3 t.22 i.io 1.75 1.95 1.50 1.00 1.30 
3.1t 3.00 13% 1.2T 1.87 1.25 1.40 1.35 
a.?5 1.$$ 1.45 1.78 1.23 1.28 1.25 
%.18 2.20 1.30 1.60 1.78 1.75 1.12 1.51 
4.18 3.10 1.49 1»75 1.61 1.49 1.05 1.40 
5.40 3.05 1.66 i.si 1.58 1.49 1.07 1.27 
5.40 1.86 l.TO 1.84 1.40 1-75 1.07 0.88 
5.40 •1.85 1.5a l.TS 1.43 1.49 1.03 0.79 
1.50 1.44 1.67 1.07 1.66 0.90 0.84 
1.T6 a. .75 1,29 1.06 1.35 
1.6^ 1.49 1.28 0.92 1.37 
1.6T 1.3S 1.50 1.06 1.28 
1.60 1.27 1.04 1.20 1.07 
i.n 1.85 1.60 1.12 0.77 
1.50 1.5s 1.03 0.69 
1.43 1.92 1.31 
1.33. 1.73 1.31 
1*37 1.6t 1.22 
1.60 
 ^ Xf atai?f®4 mint# mm 4®l®t0d# the l»la»»€ 95 P®  ^
mmt mmSMmm m Ui^Xm%90L ia Ftg«i»® 11. 
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ii©@€ th© s©perati®ii of tfe© laoslt©! phosphates 
ia s"tifflei©at %wmtt%S,m to p©3?ffllt th& €©t;®i'iilimtioji of 
inositol Ijf -eh^aioai' methods.. 
G  
E  
S  
& 
m 
I 
0 
FOLF 
f 
u 
N 
I 
o 
s 
S  
li 
s  
I 
0 *» 
5  
t i  
I S 
^ I §  ^  
^  s  
S  G  
M h 
I  
•H 
a 
*» 
I 
im 
t 
a 
I 
@ 
% 2 *4 
! 
I I  43 
I &  @ 
4» 
G  
mc 
S  
E  §  
» ^ 
S S  
S  
I 
s 
+» 
t s  
# 
d 
« 
« 
§ vl 4;» tt 
m m 
I I 4» %-i O -»> 
M 
s 
s 
s 
I 
*4 
•i» 
g> 
§ 
! l  
o 
% 
% 
« 
5  m 
m 
A  
I 
I 
ift 4> 
u s 
I  
I  
$* 
I 
I 
% 
S  
I I 
4 
? 
4* 
S  
s 
9  
I  G  
(k 
•' 
@ 
§ 
"S 0 
s 
S  
IN 
1  
$ 
d %4 
# 
S  
I 
i  
© 
ta 
•»» 
® 
I  
» 
F  
«o 
a 
S  
K H 
fit § .Q 43 
s s 
e 
« 
I m 
S 
m CM 
e 
# 
o' 
» 
s  
s  
M 
m 
I  
b-
.ct 
-rl 
<0 
M 4» 
fk 
© O © 
•HS 
€ S3 
0 
lA 
« 
SI 
s 
m 
% m 
& M 
m 
ft # 4^' H 
*1 
# 
§ 
.!«' 
% 
0 %4 
il 
« 
A 49 
•© 
O * 
m 
» 
m # 
<3 
S 
a 
o 
h 
t 
& 
P i 
# 4? ft 
*4 
tn 
© 
M 4» 
s 
4» 
e 4» 
9 H 
r4 
S 
ft 
s 
a  
s 
m 
% 
I o 
i 0 
4> 
t !« 9 P 
4» 0 g 
<%$ 
m 
& 43 
m 
m 4» 
i #
> 
Ctt 
r4 
m 
& 
*< ti0 <1 H O 
-HI P 
Vl O 
t 3 4» 
« 
# 4 
ft 
a ft 
m ft Hi 
e IS 
# |» 5 4» 
i «g[ It V 4» 
« It %4- *4 
«4 rl 
*4 
1 1? d 
% 
« W m 
& ffli 8 # 
# # 
€» 
68 
falsi® IT. Solwat r®i» thelp usefulness 
in sepamtiag pb©»i^at©s* 
g3*®l?QgtiHill8 
Brntan®!, water 60* 30, 10 
Butiffl;®!, a©lt, mtei? 40# 10# 50 1/ 
feft* iojrl'«!«•# »ulf©aie ' . 
a@Mi ir®tei» 6o, 2 g., 30 ^  
Tert. butaa&l, pie3?i@ a@t4, mtea? 80# 4g,# 20 
Ph«a©l, 94, 6 
»-0.af»»©l# udetie &©!€, vmtm 50, 2, 48 
f®3p%. ^aaiyl frnmilQ sett, -water 45, 15, 45 ^  
Butaa®!, wat#f» 90, 10 i/ 
Butanol, ppfMla®, wster 45, 20, 15 
Oollidiae, irster 100, 25 
i#llMlae, lttti4Sm«, nmtm ' 45, 45, 20 
ffffliin®, flwa^ala, watei* 60, 20, 10 ja*Fif#p«a@l, water 60, 30, 10 
Butim®!, bmtTFl# aeia, water 60, 30, 10 
fyrldiJi#, etliyl aeetate, water 50, 50, 25 
fyridis#,, etiiyl acetate, water 60, 30, 10 
Ffriliae, ethyl acetate, water 25, 50, 25 
Ffritlae, ettoi"! aisetate# water 22,5* 50, 50 
 ^ Water pmT pm&m used. 
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appeared revealM th® loeatioia of j^osphorua eompomds, fh© 
pa|>©ps t5®eam® teittl® during the heating. 
of th® |>aii®rs ir®3?® sprayed with a dilute oolution of 
ifflBoaiiM ffiolyMat® in hydrochlori© aeid (3 g. (HH^lgMo^Og^-
tegO, €2 ml, eoneentrated H©1# water to 1 1*>, then with 
dilute stannoui ohloride solution (10 g. Sn0l2*^2^ in 23 ml* 
oonoentrated MMt, 1 sil» diluted to 332 ml.). The papers 
were not diMsged d^ing this treati^nt* fhese sprays were 
eapeeted to repeal only the inorganie phosphorus. In most 
instanoes* however» the organic ec^ounds appeared also as 
blue spots. ^  
Spraying the papers with the aeid-hase indicators thymol 
hl» or "feroa phenol purple to reveal th® location of the 
acidio expounds showed soioe proioise in cases where the 
solvents were volatile and had heen rather completely removed 
during drying, ipraying with 10 per cent lead acetate in 10 
per cent acetic aeid, followed hy washing the paper thoroughly 
with waterand ©deposing it to hydrogen sulfide revealed some 
^ Shis unusual reaction was investigated somewhat 
further, fh® organic soi^ounds did not cause the formation 
Of a hlut color in solutions, of molyhdate end stannous 
chloride, that the reaction was not due to the liberation of 
twm orthophosi^te vm shown as follows t A spot of purified 
phytic acid and a spot of inori^^c phosfOiorus were dried 
i;i®i©n eaoh of several filter papers. • All were sprayed with 
molybdate solution to complex the inorganic phosphoi^us. One 
T1 
spots as th® bladk lea€ 
B. 
fh© iJTOiifflijiaiT" lair@8tlgstloii of this method ira» Made 
dwlag the siia®@i» If50. A Mixtw© of s©dltm phytat© and 
€®a?imtlT@s pr#i»a3?®d by ^JaeJsma (37) was m»®d. Very «»•* 
e#ia?agiii.g s®fa3?ati©33t» iiidi#at©d, fai*ti@mi.a3?ly by th® 
fi2»at, tfeii»di asd s®lir®at iaiaEtiii»@» listed la Tabl® .IV, 
lto«a w®i?lc with efei»®isat®g^a^y ira.a i»#»t»»d ia February, 
1951» atudyii  ^f3*»ili3.y pi»@pai*#d «ixtiir@s of soditm phytat® 
®ad €®aflfatlTr®», Mid pre-rlously ae|iaj?at@d by loa 
®E©h«a  ^ ch3?^»t@gyaftoy.t f®ir separations co^ild b© aehieved. 
Ojaiy %hm issrgaaie iiliosfhQrms algj?at®d a aeastirable distaac® 
im th# bmtsiiol# a^®ti@ aeidi water system. &fxm % values 
©bse.rved for. #'0si^mds sefarated by loa ®xehaage are reoorded 
la fable V. 
Jkmmtf C?) re|»@rt®d toit the of the all(|uot dried 
mpoa the filter paj^r# la »mi& oases affe©ted the separations. 
set of papers ifa» them sprayed vlth the stsimoms chloride 
solution.* After dryingi different papers were developed in 
OS® direotioa in solvent systeas 1* 3# and 4 of fable IV, as 
well as in ethyl ether, fhe papers not sprayed with stamous 
ehloride previoi® to developi^nt were then sprayed. In all 
oases,: the spot of inorgaale j^osi^ortas had moved i^ard with 
the litmid, and in mo ease hi  ^ the organio naterial aoved 
f»m the origia .^ 
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f© ©h»isk mp©a meh. a a p©i»tl©a ©f the alactur© 
mf s©dim i^ftat© aM iertrntiwa glTliig pattern ®f 
ftgmm iOf iraa pa««ed a mlmm &f h^rdregezi sattspated 
©atiA #iE®lmEig#s»» and #mp©rate4 %® a e©a©emtx»atl©a ©f about 
1000 ppi. ©rgani© 3^©si^@rus* fill© solution then had a pB ©f 
i«l.. f©rti©as #f this material mm adimsted t© piE values ©f 
2.95,# .^TT* .^TS» i-5# wad 11#5 irith s®dlm h:r^3cide, 
fhe effe@t ©f the :i  ^ level m the i^veioeBt and sejiaratlen of 
the ]^©a^@riis vas- then ©heeked in three selveht 
alxturea. At p®. 1.1 la all Waeee aelveat mixtures there 
appeared sllgbtl j mmm mmvmm&t ©f the ©rgaal© phosphorus 
@^©i|p#mds that at aa  ^©f the other ^  l9r»l&, thou  ^ ©alj the 
iaorgaiil© fhosphorms wm ©o^letely separated tr&a the other 
©©mpomds*. Othervls© the effeot of the pfi ©f the aliquot 
was aegllilhle* 
@* ll8©ussl@a 
Paper has proved Itself a most valuable 
tool .la aaalftloal ©heiilstrj* Whea wtrlcahle* the meth©d Is 
rapid* ©oavealeatj aad trmstir©rth|'. fhe auooessful appll-
©atloa ©f suth a teehal%ue t© lavestlgatloas ©f the laesltol 
piosi^ates ©ould p?@vlde laf©i?®atl®a ©f the type obtalaed 
the w^h loa^r aad more laborious prooess of lea 
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in %h& .soil* fh* Xtpu p3?«eiplt-«ti#a imm 
Tkm |ri@14 ©.i^gaai® wa« low, imd ti5» 
pT9^ m% 0l>vt&m%f i^p«r©#, • 
, fM» ws ewi?l®d out heiom th# pr©©#dm»@» 
%h@ in©.8it#l pii©si®mt®s ir®]p©.w#ll wrked out. 
fh# Ii9ld. &t' Ml® tine mmm tlmt the Iseet 9epiii»atiQi&8 
'0#«at J3# efteeted if ©mHy a mief. layer ©f tiae adeertient 
w#i?« »at«?atM iritto. ^  «iiitiw© td he yes^lved (75)- Six 
#f it t® i© W'Sh Se-'Asidite mim ^x*epax*ed hy weighHag 
tilt 515 g« i@ta #f the »©ist mmim, smspeBdiiig it ia vateF« 
aad ftiii*i&g it imt» the glass tt^es« fhe heds m pvepax^ed 
'»»a8vi^d 3:»'S'X im mmmit #f' #]r|paie ph<ie^to'i»u« 
»iiffi®i#a% t# 8«tB«ite #iilf a ^aia l&yei? of the 3?e«iB va« 
^e inm i-a»i«€ -tie^ia  ^ hyds^eehlQ^i© 
a@id aft m elmti&i itlmtiom* !&e a@id etx^mgth iias ine^eased 
as shem ,|a figtiye It* A tlm ^ ate ©f $3 al# peip hotai? was 
miatai&ed as mmtf as tossihle* 
tosiilta 
$h# #luti@a ewws ©htaiaed fsrM this rm. as shown in 
Wtgmm 1-t* A lag ## ah#tit 25 h0ti^s oe@«a?3?ed hefe^e evea the 
.iii®irgaiii0 was elmted^ and its peak was mt tikuapp, 
the elmtita tuonres fitm the ©eit^as eeataiiiiiig the phytate 
Wlgmm ia* eeoE^mds Isqr 
1Si£@liaag«x*st 3«S ai. 60 mlvim» 6O*S0 aeoh 
il* tmm* 
. SIiitMi E@l. 
f#tt 
A* tw&m &@M 2.7 mg. 
si'sefflLle i^@ashs$iis 
B». f3f@iii 8#13.^  about 
$•3 Big. t^gaai# eaeh e<iliitim. 
i . 9@di  ^]^2rt«t«» 
4*5 sig. 03?gaiii# ftaeh eQluna. 
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25 
,Unorg an ic)  
A. Dupl icates 
( inorganic)  2,5 
a. 
to 
Q. 
B. Dupl icotes 
(  Inorgan ic)  
2.5 1 norgan ic)  
C.  Dupl icate s 
2.5j 
,(l norganic) 
20 40 
Froct io 
60 
n C Ave.  35 ml.  e ach) 
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B. a .Ms@3*lj«aV03?g«ai© 
Satl© 
I0  ^ #f extyaets H&a*i>st«3f aM ¥»1?iitea* sollg vXtb. 
M  ^ m m p ® T i j m n t  d « a e r i t o ® < l  h e v m  m a  a  
pai»t  ^ of tkat 3?@p@rt©d ia i>a^t ia i^leh se^lm pliytat®, 
4#ri:ir«tlws, a nlxtet- of »o4l.tM jto|rtat# aM 4#rlvatlwa 
mm® •&mspmpm§.4. - Si^t emit a 1«25 x 
0f wm '^ rm. iM mil v«z>e fed 
•fmm %!!»• msm syst#®. ®to«® of tii# eolins&s v9T9 
tm »0pmtmtiMg 113.0m as' S#s@]pJll»ed 
yr#fi©tisi2r. ©a. Isto.® mrnimiMg fiw eoliaiBs mm ^lm&9& soli 
m%rm%&' @f s^H ©xtix'aets aad )mmm Inositol 
fi»i %m% aat^yial i»©s]^»sibl@ for ®a<sh elutioa 
la. listM ^ ®pp€)#i1s# Figai*® %$» Tkm plot of ineroasing 
a©iil it^oagtn foi^ all eolwms is vlth ewvo ». 
SSSiSM* #lifli©a mmm» of Figujp® 13 psposant 
tk# imstilts of t&is 9a^^ii3«iEt« A c&lwm emammhle to that 
f]p« vMoii o«3PV« » was ofetaittodt lat oiaatalaiitg tho exti»aot 
of a »ai?3^l#,y soil, ms lost ®a3?ly in tfao oaipoyiaont, aM 
ms • «»t 
C®) Msomsliaa* fww A (Pigiapo 13) ppoiridos a basis 
fm mimmtsm. of @lmtioB eurTos* Ifotoi^ials p2>odueizig 
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5  1020  
7.2 /o o f  0  r g a n i c  
P  o f  s o i l  e x t  r a c t .  
( Inorgan  i c )  
( Ino rgan ic )  4.57o of peak 
c o n t r i b u t e  d  b  y  
s o i  i  e x  t r a c t .  
9.5 7o 0 f p e a  k 
c o n t r i b u t e d  b y  
s o i l  e  x t r a c t  
( Inorgan ic )  
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|jM${»:rp#3»atea vas laaakod iM th« 
amalysla tm t@ta3. by th» mmh. la^gea* <|uaiitlty of 
a$M nM 
flue 83.1#it 3.#a^g« of ergaaie pihoapihoiPiia 
m isiAl@a%9A .in @ii^ir«s G, and as 
w«El as tli« p^alci at the T±0^t &t these three cwvb, 
p#ir@a3.ed the fx>esen@e in the si»ii. eact^aet @f oi»ganie phosi>ho«> 
i*ms &timr than ^:^tin and dese^ivatiires. fhat s^h aaterial 
did nut inte3i*fex'e irith the sepaa^atien @f the inesitol 
]^#a^^tea is als# eiri^ nt  ^ sin^e the jpattea^n @f A vas re­
peated in © and B* Tbm slight peak in @ Isetveen fraotiens 
iti mA was elmted em^wpmntly irith the hescaphesphate^ 
and had an i^n#iiit#I/^ #si^ @rms rati# ef 0.S7# as ee^pared t  ^
®.f6S f®r ^irfet© a@id» % a ae^od ©f #@Mnting sqmres^^ it 
ms «aleiiiated that 445 @ent ®f the phosi^esnia in the 
.phytin anid peak mf 0« and per -emit Qf the ^^^spherns in 
the t^i^^ahie pealE .in ms ©entrihtsted hy the seii extraot. 
the ineaitel/phes^erms raties of ^e pes^s at the extreiae 
ri^t ®f » and. W were 0#33 respeetiirely# indioating 
little .Intilit#! pretmt in the material represented hy them* 
fhis ms$&wimn% d«»©nstrated that a .nethed had heen 
deire3.#ped i^erehy the in&sitel.. j^esphates in a nisture ootiXd 
separated# mm fr«w another# and that the presenee of 
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Exchanger: 1.25 x 24 cm, column 
60-80 mesh De-Acldite, SO 
Elutlng solution: HCl  
form 
30 
sz 20 d ( I  norg an ic )  
CL 
Q. 
20 60 100 
Fract ion (Ave.  32  ml .  each)  
140  2  20  240  80 
3N 
.55N 
.38  N 
Figure 14. Separation, "by anion exchange, of inositol 
phosphates withstanding Jackman's extraction 
procedure. 
figwt, %3, of argaule 
in mf ¥ob8tez> and 
X t4 rn&m 6@-30 aesh 
SOii* f®«. 
A» an* fh0s:i^@i^ f^wm 130 g* 
«®4I* 
S.* frm ISO g. ir«b8t«3? 
1.5 '©Fgmle p^sfboims &» 
831x1 imrtwa^lrmm mM9€ 
imf^m 
§* 7*03 a®* ©X'gani# 3^8^@}»U8 from l&O g. 
soil* 
1^.. iirpiai® iTm 130 g. U»3tpmti»v 
89.13.#^ I'S i»g» #ii^gaaio plits]ph@^ms as 
aad t«i»iirativt9 addad 
10 
5 
0 
15 
10 
5 
0 10 
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15 
10 
5  
89b 
26 7o of 
s o i l  
e x  t  r a c t  
. ( Inorganic) 
( I  norgan ic )  
6.9 
org. 
1 Inorgan ic )  soil extract! 
4 0  80 1 2 0  160 200 
90 
Exchangers: 1.25 x 24 cm. colmnns 
60-80 mesh De-Acidlte, S02|." form. 
Eluting solution: HGl 
3N 
0 
5 O 
0 
2 0  4 0  6 0  8 0  100 220 3 8 %  o f  -
org. P of 
soil extroct 
16 2 7c 
Q. 
CL 
• 2 0  
CL 
^Inorganic)  
0 
R a d i o a c t i v i t y  
O 
0 
180 100 140 220 0 20 60 
Fract ion (Ave.  32ml .  each)  
Figure 16. Separation, "by anion exchange, of organic phosphorus 
compounds in extract of Clarion soil. 
Test materials: 
A. 7.65 mg. organic phosphorus from I50 g. soil. 
B. Extract from I50 g. soil incubated 30 days 
•with 15 rng. organic phosphorus as 
sodiiam phytate and derivatives added before 
extraction. 
flgiiiw if.. .anioii of orgaaie 
Sm ^actx^aot of foi^st soil. 
I.t5 K 2# #m« ooltiams 6o*8o laesh 
io-^^ f®». 
Blmtimg iioX^tioiil Mfl 
t#st mtoiriaiss 
A* 3.5 *75 »g» o^geuaie iiii0«steoi?m» fyom 150 g. 
S,., f3?« 15© g# soli iaeutiateil 30 
iaf« ifttli .:I5 ©ygaai© ]^09pfe0FU« 
as fio#l» gh7tat« ast4 dtrlvatliros a&d«€ 
Mfoi« taE%i?a®ti@m* 
91b 
20 
3N£ o* 
( Inorganic )  2NS 
T3 
1.0 
IN<  
3 4 7o 220240 
of org.P 20 140 ^ 
•-50 7o of org — 
P of soil 
extract 
60 100 
30 
Q. 
Radioact  iv i  ty  CL 
20 
10 > 
0 20 100 2 20 24 0 60 140 180 
Fract ion (Ave.  32ml .each)  
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if stseh dscisted 1b t3m 
milg pp®»«e# mt ts® fey tli# iM^thods 
mi®d %M ^lii immtggm%$.mm Tim tm m.itt&VLXtly sopamfele 
te®ii%®3. iair»i?i«fely 9fe8®a?Tr©d in th# 
mm m% least iJ3.,^ai?t# aftey th® ®x» 
ti?a@tim* St •mm tffif«.i»tmat# that th® mM atyen^th waa 
al»na#t% ^ust as th®s® wmm ^li®iiig ®Ii2t«d, 
thms mAmiMg. th® #f Mpamtim m pw&AmSM^ ©nlj on® 
^ak.. it is signifieaat that.th®!?® i» @nly a 
faint s»ig®ftti« ef a f®a3c in this i»®gion ©f any etirv® 
^pjftssnting a 8#il ®3it^a@t al®n®. Suieh ©ei^iants ar® 
•©fidstitlLy n@t stafei® T»it®^ stil eonditiims. 
B®tv#«a fi?a©ti«j»S 133 IflJ# tw© to feiia? paaks raay h® 
ii.©t®€ .in all #lmtii» ©wwi# nhsthsi* 'qt not k&mm in©8it©l 
fli©sitet#s mm ait®d t# th® t#st mtex^ial. in th® ©as® ©f 
th® 1f®h«t®i? ant ^i»p,st®i' s©il»# th® p®ek» ar® «Biall# hut m* 
aistaJKalil®. fhey mm mm fi»®n®m©®i. In th® evarm fjpOM th® 
tlai»i®n »©il, ant mm mwj sha»f in th® ©wv® of th® ®xtFa©t 
of th# fojMsst soil, fh^®® distinct |>eaks# thought to ropr®-
#®nt fotja? ©oapo-uniSi mm ®lii.t®d fi?m th® ©®nta?©l ©olunn 
®T®x* th® fOFtion of €b® ami as th® paNtvionsly ^ntion®<l 
^.«|g9 ii^-m soil aat®'Fials« fh® atirtur® ©f soil ©sttraot and 
lenom ©oipounis in no ©as® yl®ld®d mo3?>® than four |»®aks^ 
93 
iiM atwrntrnfml aiMlmltf 
at l#«tst mmm 0f tli# ©dil 03?gaale eda^-
:p©«ats iiM til® iadalt^l. Fii#sjtot«s, la th© ea#© of th® 
mtT'-mt • tmm-t' mtl tb© to pmttem. "between the 
©WW 'imm tk@ isll aM tbst t& imieh iaoil-
%©! • W1P®- i^ted was eiita?e»©a.|f g©©d, fh® a#litlon 
i»f sMAia ^bytate aad #@s^imtiv®& MMXF iiie3?@®o®d TKM hel^t 
©f tb# m %m tim elttti®ii ©wire frmoi 
tli@ • lt##3.f • • • • • • 
elutim €WW iwm Jiste^lftls eoataiaiag soil 
eiitarsets Bh^m^ ftppFeeisbl® • o^gaai® elmted after 
tbe li©»^i»s:i^t# appeitred. Qmm s.ia@ii •*»» irea^y 
lpiy?ti«iilaFlr ia tbe ©larrt f3?s» tfee il&rloa emi. %h& forest 
ft glibly iii€le«tiag m well iefiaed eii^alo&l 
tlisbt liM m mumg. tli# in©slt#l jp^^spliates. A 
fitishler •&&& .Ewtea iM$} t«»t tm ftoytia in this aiaterlal 
v»t m ftirtber iave»tit»ti0ii €if tbe Hiature 
@f Wm aeparatet ©iiaQp®m€ was mdertaken. 
fb« aiti^ity ©f figares 16 and 17 wj?© obtained 
bi- eomtiag in m «#lmtl©n e#mt®if ef tbe fraetime 
la «tll mumg ©¥#!•• m tSi©w»and ©0mt» were taken; 
therefore tl»- standard deviatieae ©f tbe valwa ^letted are 
1#S9 tliaa ,i*t per eent, Hbere tbe aetiirity ©tirve f©ll®ired 
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iiom*# to feieeltad# th© possibility of blologleml Mjnth&stm of 
to©«lt03. m ffae ©tliyl#a© miMB, hommmr, raaeted 
ls^«lt©l .33h@afliate», ansa ino3?ganic 
.»© tlmt tb# lafeiwtloii <l«si3?©d ma not obtained* 
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tto03?@mgli Of til# ©ffeet of such vartahlee as 
mi. of iil§@stl0B, till© has« used for digest­
ing th.®' »©il, th® A«3?ati#ii ©f th@ l |^>@bi»<Malt© oxi^atloxi^ aad 
th© »ffi©l@aQf of f^^^lpltatlaag ag©ata cm th@ final 
yl«ia ©f th#.. thu-u^t t# h® ^ytla, has .not hem 
»|ioi»t@d» . ^mh a. stiadf mt^t wll. Imp^ov® th® yield .®ad 
©nhane® th# pmltj of- tha eactmotsd soil i^aytim. 
StiAdl@s with F«4i#a@tiv® • ^ho«|to®i?ms indioate voipy 
stjfOi^ly th® Mol©gi@al »|mth@»i® of ijhytim la th® »©11» 
Ja-otews, had •pmrtmmXf a«gg^st®d stieh a possihility, b-ut h® 
aimltttd timt his date. w«i*® not eoaolmslv®. Althou^ taaoa?© 
is a po®«lMlity that th# mdiosotiv© phmigthorm used in th© 
omrrtmt ®i#it h«v©: ti®#a iaGOfpoi»at®a into th© ^ytin toy 
so». mmhmktm otteti? thaa hiologioal s^th#«i8, it i» not 
lilc@ly that smh ootild aoesmt ©jatipoly foi» the 
tffeotg .©hs®3?'r#d* fh® phytia ia the soil m&j he of a ooa-
sidemhly mm dyaaaiic nrntwrn tl»a has previously been 
smppoit@d^ @ad iili.il® its p»ia©ipal portal of eat3?y may b© 
plant aat#i»ials# it is evidently aot ®a ineipt fx'aetioa 
«t#oiaiiilat®d slowly m. mil by vii»tw of its fixation the:peia. 
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